This study aims to develop a model of Environmental Kuznets Curve (EKC) that relates between environmental pollution level and the prosperity level in Tangerang 
Introduction
Natural resources are very important for human life because without it human resources will be difficult to survive. God creates the nature is to be used for as much as possible for human wealth in appropriate manner. Exploitation of natural resources without any conservation efforts will lead to disaster for human life.
Human always need of a healthy and comfortable environment. However, many studies reveal that the more developed is a country the worse is the environmental damage. Pollutions may cause to physical damages, psychological and human behavior disorders. Pollution also affects economic development of a country. The common problems faced by developing countries are the depletion and destruction of natural resources, environmental degradation, and negative social and economic effects. The environmental damages are caused by industrialization, transportation, population, poverty, traffic congestion, soil erosion and the exploitation of natural resources. Environmental degradation can be likened to a kidney malfunction (Fauzi, 2013) . At entire life the human should be routinely perform "dialysis" that is costly. The patients also can not enjoy a normal life. This shows the importance of maintaining and preserving the environment.
Many studies have examined the problems of environmental degradation. One of them is environmental Kuznets curve (EKC). The initial point of the curve shows that along with the increase in per capita income will be followed by an increase in pollutants up to the point where higher incomes have a higher pollutant or turning point. Further the per capita income will continue to rise but it is followed by the decreasing pollutants. So that researchers previously thought that the economic growth is like a medical panacea to the environmental problems. Bartz and Kelly (2004) states that economic growth is a function of population and per-capita consumption. The implication of that economic growth is the increase in the supply and demand of goods and services. However, as any successful economic development it is accompanied by various problems. The question that arises is whether the process of environmental degradation along with economic development can be avoided. Based on Iwami (2001) the EKC assumes that up to a certain turning point, per capita income growth goes hand in hand with environmental degradation. Furthermore, beyond the threshold point, an inverse relationship with income growth is accompanied by a decrease in environmental degradation. However, Richmond and Kaufmann (2006) finds that for non-OECD nations, there is no turning point between income and air pollution.
EKC is a hypothetical relationship between the various indicators of environmental degradation and income per capita. In the early stages of economic growth, the pollution increase, but beyond a certain level of per capita income, which will vary for different indicators, the trend reversed. It results in high levels of income growth leading to environmental improvements. This implies that the environmental impact indicator is an inverted U-shaped function of income per capita (Grossman and Krueger, 1991 Panayotou (2003) describes the linkages between the stages of economic development and environmental degradation of EKC curve that is divided into three stages, as shown in Figure 1 . In the first phase, the economic development will be followed by increased damage to the environment so called as pre-industrial economics. The second stage is known as industrial economics, and the third phase is known as post-industrial economics (service economy). Industrialization started from small industry and then move into heavy industry. This movement will increase the use of natural resources, and increasing environmental degradation. After that point the industrialization would expand its role in the formation of more stable gross domestic product. The presence of foreign investment has led to the transformation of the economy from agriculture to industry. Increasing the role of the industrial sector in the economy of a country will result in increased pollution in the country. In the next phase of economic transformation will occur in the form of a movement from the industrial sector to the service sector. This movement will be followed by a decrease in pollution in line with increasing per capita income. Besides the increasing demand for environmental quality products go hand in hand with the increase in welfare. In turn, the increase in income will be followed by an increase in the ability of the people to pay for environmental damages caused by economic activity. So according to Andreoni and Levinson (2004) , at this stage is also characterized by the emergence of community willingness to forego the consumption of other goods for the sake of protection of the environment.
The EKC is known as the first theory which describe how the relationship between the rate of economic growth with environmental degradation of an economy. According to this theory, when the income of a country is still relatively low, then government attention will be focused only on how to increase state revenues, either through production or investments that lead to higher revenues with disregard the issues of environmental quality. As a result, revenue growth will be followed by a rise in pollution levels and then decline along with the further economic growth. This theory was developed on the basis of the demand for environmental quality that is improving social supervision and regulation of government so that people would be better off (Mason and Swanson, 2003) . Hutabarat (2010) describes the relationship between air pollution problems with an economic growth rate. In the early stages of industrial development of developing countries, they increase the output in order to improve the social welfare. As industrialization increased the air pollution increased as well. A country that experiences the increased economic growth will have the ability to control such pollution. After the state is able to manage in developing methods and procedures to control pollution, the pollution levels can be controlled and could even be lowered along with economic growth. The country power will also be used to improve the air quality. In the end the state will develop environmentally friendly technologies so that pollution can be reduced.
The main source of the economy of the city of Tangerang comes from the manufacturing sector amounted to 58.45%, followed by trade, hotels and restaurants. Both sectors are composing almost 85% of economic activity and it is certainly providing a major contribution to the local revenue. Approximately 75% of the workforce in the city of Tangerang is in the industrial sector, trade and services. Economic growth has led to environmental degradation as a result of industrial and household activities. The problem in this case is not to build or not to build the industry to improve the welfare of the society, but how to build the industry and at the same time it also improve the environmental quality and human being. Industrial activities are not only exploiting the environment, but it also how to preserve it. There is no purpose other than conducting environmentally sound industrial development.
Based on the description above, this research generally aims to develop a m athematical model of EKC to build the alternative policies in order to control environmental pollution in the city of Tangerang. Development of alternative policies based on the existence of two conflicting choices on how to increase development through public welfare, as reflected by per capita income, and environmental quality are reflected by the BOD concentration (Oxygen Biological Damage) and COD (Chemical Oxygen Damage) by modeling a Kuznets curve which relates between the incomes of the population and environmental quality in the city of Tangerang.
Research Method
The EKC model is determined using quadratic and cubic panel data estimation. The general model of panel data is:
Where: BOD is the concentration of Biological Oxygen Damage (mg/L).
Inc is per capita income (rupiah).
Popden is population density (people/km 2 ). is error terms.
i is the i-th observation. t is time period (2001,2002,….,2012) . m is equal 2 if a quadratic model, and equal 3 if a cubical model.
The hypothesis of this study is the higher is the per capita income, the higher is the concentration of BOD and COD up to at a certain income level. Then the concentration of BOD and COD will decrease in line with the further increase in per capita income thus forming an inverted U-shaped Kuznet curve. The second hypothesis is the positive effect of the population density on the concentrations of BOD and COD due to increased human activities. These activities, in turn, will pollute the water reflected by the concentration of BOD and COD. Therefore coefficient of Inc is expected to have a positive direction and expected Inc2 variable coefficients are negative, so that it will form an inverted U curve. Meanwhile, Popden variable coefficient is expected to be positive. Kuznets curve shape is then determined by the value of the coefficients 1, 2, and 3. The possible shape of the curve of the model analysis is given in Table 1 
By equalizing the equation (4) dan (5) to zero it will be obtained:
Cubic: Inc =
The effect of income change with respect to the BOD concentration can be calculated using elasticity as follow:
e BOD,Inc = =
To access the effect of per capita income and population density on the COD concentration can be applied by using those equations (1) - (9) , but the Durbin-Watson statistic is lower so that there is a possibility of autocorrelation. Durbin-Watson value is also associated with a lower specification error. The main problem PLS model is a model ignores the heterogeneity that may occur between individuals. The result is that the error term can be ass ociated with the explanatory variables resulting a bias. In fact, one important assumption in the classical linear regression is no correlation between the explanatory variables with the error term.
To obtain the coefficient parameters that accommodate the heterogeneity, this study will adopt Fixed Effect Model (FEM) and Random Effects Model (REM). FEM assumes that the intercept may differ between individuals but it allows being same over time. Meanwhile, the coefficient parameter or slope is assumed to be equal across time and individuals. To allow the intercepts vary between individuals, it will be conducted using a dummy. The estimation results indicate that the coefficient intercept of FEM is significant so that the heterogeneity problem has been resolved. Therefore, it can be said that the model FEM is better than the PLS model. However, the dummy technique used by FEM models results in lower degrees of freedom. In this case, this method fails to accommodate the explanatory variables which may not differ all the time because it has the same value. Therefore, the dummy variable indicates a lack of knowledge about good model. To overcome that problem, then the approach used is a method that can accommodate the time difference and the individual through disturbance component error by REM method. Therefore, the error component consists of two parts, namely: individual specific error and time error. The combined error is not correlated with the explanatory variables.
From the above it is known that the PLS model is less reliable so a panel regression data will be carried out on the model of FEM and REM. To determine the best model among both models is performed by using Haussman test. H 0 : REM is better than FEM H 1 : FEM is better than REM Hausman statistic test is significant if the probability is less than significant level so that Ho is rejected. It means that FEM model is better than REM. To see the significance of the variables will be conducted at the level of alpha 5% with the following hypotheses. Where, n is number of observations k: the number of variables
The number of observation in this study exceeds 30 so that when t stat value> 1.96 then the null hypothesis is rejected or the independent variable is significantly affecting the dependent variable.
Result and Discussion Mathematical model of the relationship between the concentration of BOD and COD to the per capita income To evaluate the relationship between the variables BOD and COD as a representation of environmental quality with a per capita income is estimated using panel data. The regression model used is Random Effects Model (REM) and Fixed Effects Model (FEM) both in quadratic or cubic. The regression estimation is shown in Table 2 . The complete results will be shown in detail in the next section. Overall, the results of the panel data regression indicate good results if it is evaluated from the value of significance and the direction of the coefficients. As explained earlier when | t-stat | > 1.96, then these variables have a significant effect. In Table 2 , the variables that have a significant effect on the level of = 5% indicated with an asteric (*). For the quadratic model, all variable income (Inc and Inc2) are significant at the 5% significance level and the coefficient has a sign as expected. The signs of Inc variable are expected to be positive and it is expected negative for variable Inc2 so it will form inverted U-shaped Kuznetcurve. Both models of FEM and REM indicate to be inverted U Kuznet curve. . BOD is also positively influenced by population density (Popden) in the amount of 0.001265. To clarify the model of FEM and REM both quadratic and cubic above the study also performed simulation of the effect of per capita income with the interval of Rp. 1,000,000.00 (Table 3 ). and n egatively affected by income squared (Inc it2 ) at 6 : 33 x 10 -12. BOD also positively influenced by population density (Popden it ) of 0.001346. The REM model suggests that COD is negatively affected by per capita income that is equal to 1.49 x 10-5 and positively influenced by squared of per capita income (Inc 2 ) of 7.02 x 10 -13 . In addition, COD is also positively influenced by population density ( Popden) by 0.000240. . COD is . COD is also positively influenced by population density (Popden) by 0.000894. The simulation results for per capita income of COD model with the interval of Rp. 1,000,000.00 is presented in Table 4 . The simulation results then are d epicted into diagram to see the shape of each model whether forms the inverted-U Kuznets curve or not.
To determine the best model between FEM and REM is performed using Hausman test. Of the quadratic model both BOD and COD Hausman probability value is 0.0000 or less than 5% significance level. Therefore it rejects the null hypothesis or the model of REM is rejected. However the turning point of quadratic model has not been in identified yet.
For cubic BOD and COD models, all income variables are significant both in FEM and REM model s . For all models, the coefficients of Inc and Inc2are negative on REM model and positive coefficient of Inc2 on FEM and negative coefficient for Inc3 on all models so that the curves are tilted-S curve. This means that pollution will decline at the beginning of economic growth. After peaking at the first turning point of income, pollution will increase again and decrease after the second turning point. The probability of Hausman test shows the value 0.0000. This value is also smaller than the significance level (5%) so that it can be concluded that FEM is better than REM. However the value of turning point for the model cubic REM was also undefined because the roots of the determinant in the calculation of the turning point are negative.
From the previous test, FEM is the best model among others. The goodness of fit of the model can be reviewed based on the value of R 2 . FEM models have higher R 2 value, which is 60.95% for quadratic and 61.01% for cubic.
These models also include variables of population density (Popden) as one of the factors that influence the level of BOD and COD concentration in the river. For quadratic and cubic specification, variable of Popden is significant for FEM models, but it is not significant in the model of REM. Meanwhile, the coefficients are negative for both model, FEM and REM.
From the estimation results it is known that the FEM model is the best model where the variable Popden is negative significant. According to the hypothesis the coefficienct should be positive. The increase in population density will lead to increased concentrations of BOD, which means the river water is more polluted due to increasing human activities. For the FEM model for COD, the coefficient of Popden variable is positive but at certain point falling as Kuznets theory. Possible explanation is that the variable of population density is significantly affecting the increase in the concentration of BOD and COD, but the rules and public concern about the quality of the environment can reduce the concentration. Survey of BOD and COD concentration in 2010 on the river of the city of Tangerang showed that almost 70% waste comes from domestic sources. However, the drainage rules caused the number of total BOD concentration decreased by nearly 50% compared with previous years.
FEM models consist of cubic and quadratic models. For the quadratic FEM model the curve is inverted U-shaped, while the cubic FEM model is tilted-S curve. So the quadratic FEM model fit the Kuznets curve hypothesis in which the pollution will increase at the beginning of economic growth and ultimately decreases along with the increase in per capita income. Meanwhile, cubic FEM model implies that the pollution will decline at the beginning up to the first turning point and then increase up to the second turning point, and finally fall again.
Based on the number of significant variables, all variables of quadratic FEM models are significant while there is one insignificant variable in cubic FEM model. So it can be clearly seen that the FEM model of quadratic is better than cubic FEM model . Although it does not differ too ! significantly, the R 2 of quadratic FEM model is slightly higher (84.61%) than that of cubic FEM model (84.39%). Therefore, the most suitable model to describe the relationship between economic growth and pollution is FEM quadratic model. Based on this model, the elasticity of BOD concentration with respect to per capita income is negative 0.609. It means that every 1% increase of per capita income will reduce the BOD concentration by 0.609%.
The implication of the results above is that environment pollution can be controlled when per capita income is rising and the population is under control. In addition, governments need to improve the quality of public education and regulate the private sectors for preserving the river by processing the pollutant into a tolerable smaller residue before thrown into rivers. Since Tangerang City is as buffer stock city of Jakarta then the economic, cultural and social structure conditions are not much different from Jakarta. Tangerang City residents have relatively high income and higher concerns investment on infrastructure for water resource management, public awareness for the clean environmental and disaster preparedness.
Tangerang City residents are not accustomed to throw garbage into the river because of the value for preserving the river has been internalized into the culture of life. There are some lessons learned for other cities that have characteristics such as Tangerang City: First, strengthening of local government institutions to control the environmental damages. The regulation of water pollution in the Tangerang City was initiated by the people who live near the river to not throw garbage into the river. In addition, the companies were also required to pre-processing the waste before thrown into river. Second, the use of technology is to manage more safely waste discharged. The technology is very important since the amount of waste disposed is not comparable to a natural ability to decompose naturally. Third is the law enforcement. The government should conduct regular supervision and crack down on offenders. Previously at the beginning the Tangerang City was well known as the dirtiest city, but starting in the early 2008's the total waste disposal has decreased 70% compared to the previous years, and the last 3 years in a row the Tangerang City got an Adipura prize.
Conclusion
The best model that can be used to explain the concentration of BOD and COD in relationship with per capita income in the Tangerang City is quadratic FEM model with not defined turning point. However the result still meets the inverted U shaped Kuznets curve or Environmental Kuznets Curve. Based on that model, the elasticity of the BOD concentration with respect to the per capita income is negative 0.609. Environmental Kuznets Curve will be achieved if a per capita income increases with controlled population density, upgrading the community education, government participation to educate the people for always protect the environment and to raise the awareness about preserving the environment and conserving natural resources. Thus, to improve the quality of the environment is closely related to per capita income where the higher is the earnings; the better is the quality of the environment.
